To compare efficacy and safety between early extracorporeal shock wave lithotripsy (eESWL) and deferred ESWL (dESWL) in colic patients with ureteral stones and to investigate whether eESWL can play a critical role in improving treatment outcomes. Materials and Methods: A total of 279 patients who underwent ESWL for single radio-opaque ureteral stones of 5 to 20 mm in size were included in this retrospective study. The patients were categorized into two groups according to the time between the onset of colic and ESWL: eESWL (＜48 hours, n=153) and dESWL (≥48 hours, n=126). Success was defined as stone-free status as shown on a plain radiograph within 1 month of the first session. Results: For all patients, the success rate in the eESWL group was significantly higher than that in the dESWL group. The eESWL group required significantly fewer ESWL sessions and less time to achieve stone-free status than did the dESWL group. For 241 patients with stones ＜10 mm, all treatment outcomes in the former group were superior to those in the latter group, but not for 38 patients with stones sized 10 to 20 mm. The superiority of eESWL over dESWL in the treatment outcomes was more pronounced for proximal ureteral stones than for mid-to-distal ureteral stones. Post-ESWL complication rates were comparable between the two groups. In the multivariate analysis, smaller stone size and a time to ESWL of ＜48 hours were independent predictors of success. Conclusions: Our data suggest that eESWL in colic patients with ureteral stones is an effective and safe treatment with accelerated stone clearance.
INTRODUCTION
Colicky pain (colic) due to ureteral stones is a widespread problem in the field of urology. Although various treatment options are available, such as expectant management, extracorporeal shock wave lithotripsy (ESWL), and ureteroscopic stone removal, conservative management is usually performed with deferral of definite treatment for patients with acute colic. However, because the probability of spontaneous passage of ureteral stones depends on stone size and, to a lesser extent, on stone location at presentation, the likelihood of spontaneous passage decreases rapidly for stones ≥5 mm [1, 2] . Furthermore, the conservative approach is often complicated by recurrent pain, frequent visits to the emergency room, absence from work, and an increased risk of complications including pyelonephritis and silent loss of renal function [3] .
Despite the increased use of alpha-blockers and recent improvements in ureteroscopic technology, ESWL remains an attractive treatment option for clearance of ureteral stones owing to this benefits of this noninvasive intervention, such as no requirement for anesthesia and low morbidity [4] . Furthermore, it is one of the suitable treatment options for stones in all locations within the ureter, as suggested by the recent joint American Urological Association/European Association of Urology guideline Values are presented as mean±SD or no. of patients (%). ESWL, extracorporeal shock wave lithotripsy; eESWL, early ESWL; dESWL, deferred ESWL; MDRD GFR, modification of diet in renal disease glomerular filtration rate (calculated using the abbreviated MDRD study equation).
[1]. However, stone-free status by ESWL is not immediately achieved, and it can require a variable period of time for ureteral stones to be eliminated completely, depending on several factors, including stone size, location, degree of stone impaction, and edema of the ureteral mucosa. This concern about the development or progression of edema of the ureteral mucosa has raised the possibility of rapid application of ESWL for colic due to ureteral stones. Thus, the rationale for the application of early ESWL (eESWL) for colic due to ureteral stones is to achieve maximum stone clearance before the surrounding edema develops or progresses. Recently, several studies have demonstrated the benefit of eESWL for colic patients with ureteral stones [2, 3, [5] [6] [7] [8] . However, conclusions on ESWL treatment of patients in an acute setting are lacking in the international guidelines [9] . Also, the data still appear to be limited on the effectiveness of eESWL compared with the well-documented advances in ureteroscopy [4] . of 279 patients with stones sized 5 to 20 mm were included in this study. Other exclusion criteria were as follows: stones ＞20 mm in largest diameter, absolute contraindication to ESWL such as pregnancy or coagulopathy, previous history of ureteral surgery, structural urinary tract abnormality, and a solitary kidney. No patient was excluded because of these conditions. To investigate the prognostic significance of eESWL for ureteral stones, all eligible patients were categorized into two groups according to the time between the onset of colic and ESWL treatment as follows: the eESWL group (＜48 hours, n=153) and the dESWL group (≥48 hours, n=126). All patients underwent a baseline evaluation with medical history, physical examination, routine blood or urine tests, plain radiography of kidney-ureter-bladder (KUB), and noncontrast computed tomography (NCCT) with three-dimensional reconstruction. On the basis of the radiologic findings, stone factors including stone size, location, presence or absence of hydronephrosis, tissue rim sign, skin-to-stone distance (SSD), and average Hounsfield unit (stone density) were reviewed by a single radiologist who was blinded to the ESWL outcomes. Also, demographic variables, laboratory findings, and data on ESWL treatment or auxiliary procedures or post-ESWL complications were compared between the two groups. The stone size was defined as the greatest diameter in any dimension. The tissue rim sign is recognized as a circumferential area of soft-tissue attenuation surrounding a suspended ureteral stone [10] . ) by use of radiographic callipers as described previously [11] . Stone-free status was assessed by use of follow-up KUB performed at 1 week after each ESWL session and was defined as no radiologic evidence of stones on KUB. In cases for which residual fragments could not be excluded, NCCT was performed. Repeated ESWL sessions were performed immediately when follow-up KUB showed inadequate fragmentation of the stone. Success was defined as stone-free status within 1 month after the first ESWL session. All other outcomes were regarded as failures. Post-ESWL complications were graded by using the Clavien-Dindo classification [12] .
ESWL procedure
All patients received analgesia in the form of an intramuscular injection of ketorolac (30 mg) or an intravenous injection of pethidine (50 mg). In all cases, ESWL procedures were performed by using the same electromagnetic Dornier Compact Delta lithotriptor (Dornier Medtech, Kennesaw, GA, USA). A maximum of 3,000 shocks per session were delivered to each stone at a frequency of 100 shocks per minute and the power setting of 15 to 20 kV under fluoroscopy.
Statistical analysis
Statistical analysis was performed by using the Fisher's exact test or chi-square test for categorical data and the Student's t-test for continuous variables. To identify the independent predictors of success, we used backward stepwise logistic regression analysis. A 5% level of significance was used for all statistical testing, and all statistical tests were two-sided. The SPSS ver. 17.0 (SPSS Inc., Chicago, IL, USA) was used for the analyses.
RESULTS
The baseline characteristics of the patients and the ESWL treatment data are shown in Table 1 . There were no significant differences between the two groups in baseline parameters including stone size and location. The eESWL group required significantly fewer ESWL sessions than did the dESWL group. For the eESWL group, 90 (58.8%), 36 (23.5%), 6 (3.9%), and 6 patients (3.9%) required 1, 2, 3, and ≥4 sessions of ESWL for stone-free status, respectively. The remaining 15 cases who did not respond to ESWL underwent ureteroscopic stone removal. For the dESWL group, 48 (38.1%), 27 (21.4%), 6 (4.8%), and 12 patients (9.5%) required 1, 2, 3, and ≥4 sessions of ESWL for stone-free status, respectively. The remaining 33 patients underwent ureteroscopic stone removal as an auxiliary procedure. Post-ESWL complication rates were compara- ble between the two groups ( Table 2 ). The comparison of treatment outcomes (success rate, time to stone-free status, and number of ESWL sessions performed) between the eESWL and dESWL groups according to stone size or location is shown in Table 3 . In the eESWL group, 135 patients (88.2%) in whom the stones were completely eliminated within 1 month after the first ESWL session were considered to have a successful outcome. In the dESWL group, 84 patients (66.7%) were classified as having a successful outcome. Mean time to stone-free status after the first ESWL session was significantly shorter in the eESWL group than in the dESWL group. For the subset of 241 patients with stone size ＜10 mm, all treatment outcomes in the eESWL group were significantly superior to those in the dESWL group. On the other hand, in 38 patients with stone size ≥10 mm, there was no significant difference in any treatment outcome between the two groups. In the subset of 186 patients with proximal ureteral stones, all treatment outcomes in the eESWL group were significantly better than those in the dESWL group. For 93 patients with mid-to-distal ureteral stones, the eESWL group had a tendency toward a greater success rate and a fewer number of ESWL sessions compared with the dESWL group, but this difference was not statistically significant. In terms of time to stone-free status, stone clearance was significantly accelerated in the former group compared with the latter group.
In a multivariate analysis, smaller stone size and a time to ESWL of ＜48 hours were independent predictors of success, and patients who underwent eESWL had a 3.8 times higher probability of ESWL success than did those who underwent dESWL (Table 4 ). In the subset of 241 patients with a stone size ＜10 mm, the multivariate analysis revealed that stone size and the time to ESWL were independent predictors of ESWL outcome (Table 5) . However, the multivariate analysis was not performed for 38 patients with a stone size ≥10 mm because the sample size was too small for accurate analysis. In the subset of patients with proximal ureteral stones, stone size and the time to ESWL were independent predictors of ESWL success (Table 6 ). In the patients with mid-to-distal ureteral stones, only the average SSD was independently associated with ESWL success (Table 6 ).
DISCUSSION
The relatively high efficacy and low morbidity of ESWL can justify its application in the treatment of ureteral stones accompanied by colic, often in response to patients' demand [8] . Nevertheless, its role as a first-line therapeutic option applied in the early stage after the onset of colic has received limited attention, and the role of eESWL in symptomatic ureteral stones has not yet been established [5] . Thus, the present study can extend the current state of knowledge in the study of the role of eESWL in colic patients with ureteral stones by further exploring ESWL treatment outcomes and identifying the independent predictors of successful outcome for each subset stratified ac-cording to stone size or location. The major findings of this study can be briefly summarized as follows: 1) eESWL in colic patients with ureteral stones can achieve a higher success rate with more accelerated elimination of ureteral stones and a fewer number of ESWL sessions than for dESWL, and 2) the benefit of eESWL over dESWL was more pronounced in patients with stones ＜10 mm or located in the proximal ureter.
The rationale for earlier application of ESWL in patients with ureteral stones accompanied by colic is based mainly on the finding that edema of the ureteral mucosa begins developing after 24 to 48 hours and progresses over time, leading to impaired elimination of stones after ESWL [9, 13, 14] . Thus, edema of the ureteral mucosa is associated with the development of stone impaction, which is supported by a previous study demonstrating that the mucosa in the stone bed shows morphological changes that develop after 48 hours, such as a hyperplastic appearance and increased mitotic activity on histological examination [13, 14] . This gradual increase in edema of the ureteral mucosa can prevent the formation of an expansion chamber and liquid interface, which can impede fragmentation by ESWL [9, 13, 14] . Also, Cummings et al. [15] showed that the duration of symptoms before presentation was the most important factor in predicting the passage of ureteral stones by use of an artificial neural network model. On the basis of the above studies, in the present study, eESWL was defined as ESWL performed within 48 hours after the onset of colic. Our study demonstrated that patients who underwent eESWL had a significantly higher probability of treatment success with more accelerated elimination of stones and a fewer number of ESWL sessions than did those who underwent dESWL. Taken together, these data suggest that it seems reasonable for colic patients with ureteral stones to undergo ESWL at an earlier stage after the onset of colic before morphological changes such as edema of the ureteral mucosa occur.
Another major finding of this study was that the superiority of eESWL over dESWL was more pronounced for proximal ureteral stones than for mid-to-distal ureteral stones. Similarly, previous studies have shown that the beneficial effect of eESWL was more pronounced in patients with proximal ureteral stones than in those with mid-to-distal ureteral stones [3, 7] . Furthermore, previous studies of colic patients with proximal ureteral stones have shown that eESWL can offer better treatment outcomes compared with dESWL [2, 5, 6, 16] . Thus, the data suggest that eESWL can achieve maximal stone clearance in the shortest possible time, particularly in patients with proximal ureteral stones. On the other hand, in patients with mid-to-distal ureteral stones, we only observed a trend toward a higher success rate and fewer number of sessions in patients treated by eESWL compared with dESWL. This lack of statistical significance might be partly due to the relatively small sample size of the subset. In terms of time to stone-free status after the first session of ESWL, elimination of stones was significantly more accelerated in the eESWL group than in the dESWL group. Accordingly, the eESWL treatment may be also helpful, to a certain degree, in colic patients with mid-to-distal ureteral stones.
The stone-free rate after ESWL is known to be negatively affected by increasing size of ureteral stones [1] . To date, the data for an impact of stone size on the stone-free rate after eESWL are inconclusive. Ghalayini et al. [3] demonstrated that success rates after eESWL were negatively correlated with stone size. Also, Tligui et al. [8] showed the highest success rate in patients with 6-to 10-mm sized stones and the worst outcome in those with 10-to 20-mm sized stones. Similarly, our study showed that the therapeutic gain of eESWL over dESWL was more pronounced in patients with ureteral stones ＜10 mm, whereas the treatment outcomes were not significantly different between the two in patients with 10-to 20-mm sized stones. On the other hand, Tombal et al. [7] noted that the therapeutic benefit by eESWL was modest for ureteral stones ≤5 mm but evident for stones ＞5 mm. However, because the study by Tombal et al. [7] did not include patients with ureteral stones ＞10 mm, it may be difficult to directly compare ESWL outcomes according to stone size among the above studies.
In our study, the success rates in the eESWL and dESWL groups were 88.2% and 66.7%, respectively. This success rate after eESWL was a little higher than that in the study by Kravchick et al. [16] , whereas those after dESWL in the two studies were similar [15] . On the other hand, the success rate after dESWL in this study was a little lower than in the recent studies [2, 5] . This may be a result of the heterogeneity of the patients, differences in follow-up or definition of success, types of lithotripter, focusing mechanism, power setting, or different distribution of stone composition [9] .
Some limitations of our study warrant consideration. First, our study was limited by its retrospective nature. Second, the routine radiological follow-up of this study was performed by using KUB but not CT. Thus, it might be difficult to exactly assess stone-free status. Last, we did not investigate stone composition because a considerable number of the passed stones were not collected by the patients.
CONCLUSIONS
Our data suggest that eESWL in patients with colic by ureteral stones is an effective and safe treatment that results in accelerated elimination of ureteral stones. Thus, it can be beneficial for colic patients with ureteral stones to undergo ESWL treatment as soon as possible. Also, our results indicate that eESWL is particularly favorable for stones ＜10 mm or located in the proximal ureter. Larger, well-organized, randomized trials are needed to confirm these findings.
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